The Affymetrix GeneChip platform was used to build a gene expression database of the normal human body. Postmortem human tissues represent a valuable source of biological materials for this type of study, but their use entails some delays before harvesting such tissues. We first evaluated the RNA quality obtained from tissues obtained 3-5 h postmortem and found variations that were both tissue and donor-dependent. RNAs extracted from brain regions were of higher quality than those obtained from the gut, while the cause of death was a significant factor in donor-dependent differences. To avoid these variables, we used rat duodenum to determine the effects of RNA degradation on the analysis of gene expression. Surprisingly, even samples exhibiting significant RNA degradation yielded robust gene expression results, comparable to those obtained using intact samples at a certain signal intensity cutoff. We extended these findings to our human expression database and obtained similar results, indicating that the Affymetrix platform, which is biased to the 3′ end of transcripts for detection, can tolerate significant RNA degradation, while still yielding high quality expression data. Our resulting body index expression database is a valuable research tool. As examples of potential uses, we report novel expression sites for four potential therapeutic targets-CCL27, GPR22, GPR113 and GPR128-and as well as a set of thymus-specific genes, including three not previously associated with the thymus.
tissues as they can be obtained during surgical interventions. One significant source of normal tissues is from cadavers (10) (11) (12) ; however, in this case, there is always an obligatory delay between the time of death and the possibility of tissue collection. As a result, the probability of cellular disruption and RNA degradation increases, potentially compromising the resulting gene expression data. We sought to investigate the effects of RNA quality and subsequent gene expression results by preparing RNA from ~80 tissue samples collected from 4 postmortem donor bodies. As previously reported (13, 14) , we observed significant variation in the stability of RNA obtained postmortem from different organs, but in addition, for a given tissue, there was significant variation in the quality of RNA obtained between the various donors. We went on to determine the consequences of RNA degradation by obtaining representative gene expression data using sets of RNAs from both a model rat duodenum system and human postmortem tissue samples using the Affymetrix GeneChip platform. Our results indicate that high-quality expression data can be generated even when the RNA that is used exhibits significant degradation. We then went on to explore the value of our human body index (BI) database. We analyzed the gene expression profiles of a number of genes with established expression patterns, including Kallikrein-3 (PSA) (15) , and Ghrelin precursor (16) , as well as others. We found novel sites of expression for four genes, CCL27, GPR22, GPR113 and GPR128, with therapeutic potential. We then queried the ability of our BI to identify organ-specific genes using the thymus as an example. Our results indicate that the majority of the thymus-specific genes uncovered by the BI are known thymus markers, while a subset are either uncharacterized transcripts or known genes not previously associated with the thymus. We conclude that even with the limitations inherent in collecting normal human tissues for expression analysis, the use of postmortem samples is of practical value. Our results indicate that although some level of quantitative variation is introduced, there is a minimal reduction in numbers of transcripts called present. This indicates that the expression profiles obtained are representative and can be used to further characterize gene expression in adult humans.
MATERIALS AND METHODS

Tissue acquisition
Flash-frozen human tissue samples were obtained from human donors (Zoion Diagnostics, Hawthorne, NY) between 3-5 h postmortem. Tissues were surgically obtained and immediately frozen in liquid nitrogen until processing for RNA extraction, as described below. A subset of tissues were augmented with commercially available human RNAs (see Supplementary Information). Rat tissues, including duodenum, were collected from 7 wk-old male Sprague Dawley rats. For the duodenum samples, the first 4 cm of the small intestine were removed, washed in PBS and sectioned longitudinally into four equivalent samples. Zero time point samples were frozen immediately in liquid nitrogen; the remaining three samples were incubated at 37°C in microcentrifuge tubes containing 200 μl of PBS for 1, 3, or 5 h. At the times indicated, PBS was aspirated, and the tissue samples were frozen in liquid nitrogen.
RNA extraction and evaluation
Frozen tissue samples were ground under liquid nitrogen in a mortar and pestle, and the resulting powder was solubilized in 1 ml TRIzol reagent (Invitrogen, Carlsbad, CA) in a FastPrep microcentrifuge tube containing Lysing Matrix D ceramic beads, followed immediately by extensive agitation in the FastPrep Instrument (Q-Biogene, Carlsbad, CA) for 20-30 s at a speed setting of 6. Total RNA was isolated from the resulting TRIzol solution as recommended by the supplier and further purified with an additional RNeasy step (Qiagen, Chatsworth CA). Samples were analyzed by gel electrophoresis on 1% TBE agarose gels (Cambrex, Baltimore, MD) and assigned a numerical RNA grade using the following scale. Grade 5: Distinct 28S and 18S ribosomal bands, no low molecular weight smear; Grade 4: Distinct rRNA bands, reduced intensity 28S band, 18S band still distinct and bright, no low molecular weight smear; Grade 3: no 28S band and 18S band still distinct, low molecular weight smear present; Grade 2: no 28S band, indistinct 18S band, low molecular weight band more intense; Grade 1: no 18S and 28S ribosomal bands, significant low molecular weight smear.
Generation of biotin-labeled cRNA
Five micrograms of total RNA from each sample were used to direct cDNA synthesis using a T7-oligo(dT)24 primer and PowerScript reverse transcriptase (BD Clontech, Palo Alto, CA). After second strand synthesis, double-stranded cDNA was used in a MEGAscript T7 RNA polymerase in vitro transcription reaction (Ambion, Austin, TX), containing 2 biotin-labeled ribonucleotides; CTP (Enzo Diagnostics, Farmingdale, NJ) and UTP (Roche, Indianapolis, IN). The biotinylated cRNA was hybridized to the Affymetrix Human Genome U133 Plus 2.0 gene array for human samples and the Affymetrix 230A Rat Expression gene array for rat samples, stained with streptavidin phycoerythrin conjugate and scanned by the GeneChip Scanner 3000 as described in the Affymetrix technical manual.
Data normalization and analysis
The Affymetrix DAT files were first processed using GeneChip Operating Software version 1.0 (GCOS v1.0; Affymetrix) and the GCOS default settings; Tau = 0.015, Alpha (P value) 1 = 0.05, Alpha 2 = 0.065. GCOS uses a detection algorithm to determine whether the measured transcript is detected (Present) or not detected (Absent) based on each probe pair's discrimination score against a predefined threshold, Tau. If the probe pairs score higher than Tau, the transcript is called "present"; it is called "absent" when the probe pairs score lower than Tau. A P value was associated with each discrimination score to assess the likelihood of a probe pair being called present, absent or marginal. Normalized and background-subtracted signal values were then obtained from the resulting CEL files using a commercially available software, ArrayAssist (Iobion Labs, La Jolla, CA), which implements the Robust Multichip Average (RMA) algorithm that has been shown to improve on precision and accuracy of GeneChip data (17) .
RESULTS
Assessment of total RNA quality by gel electrophoresis
The postmortem human tissues used in this study, representing ~80 sites of the body are listed in Table 1 . Four donor bodies were used; 3 male and 1 female. Two died as a result of major trauma, one from mechanical trauma and one by electrocution. All were otherwise healthy adults between 25 and 50 years of age. Sample collection started ~3 hours postmortem and was completed within 2 h (see supplementary information). The quality of total RNA isolated from frozen tissue samples was assessed using a numerical scale, and a mean tissue RNA score was (Table 1 ). This analysis reveals that both tissue-specific and donor-specific variables affected RNA quality. Tissue-specific effects can be observed in that most RNA samples derived from CNS tissues were intact and of high quality (Fig. 1A) with a mean tissue RNA grade of 3.8, whereas those obtained from gastrointestinal tissues exhibited more degradation with an average grade of 1.9 (Fig. 1B) . Donor-to-donor variations were also substantial, as shown by gel electrophoresis of RNAs derived from the appendix, colon, cerebellum, and the hippocampus (Fig. 1A and B) .
Rat duodenum model
Because we observed variations in RNA stability between individuals and we also expect variation in expression of individual genes in the human population (13), we decided to use rat duodenum as a model system. These samples were obtained under controlled postmortem conditions, in order to generate a set of RNAs from the same tissue and strain of rat but with increasing levels of degradation. As shown in Fig. 2A , RNAs obtained postmortem from rat tissues appear more stable than RNA from human donors as samples from both cerebrum and stomach appeared intact even after 6 hrs. To generate degraded RNA in a reasonable time and under more controlled conditions, we incubated equivalent strips of duodenum in PBS at 37°C. Figure 2B shows that we were able to generate four RNA grades, corresponding to those recovered from human tissues.
To evaluate the effect of RNA degradation on gene expression data in these samples, we used Affymetrix GeneChip Rat Expression 230A arrays, containing >15,000 probe sets representing ~14,000 genes.
Expression analysis of rat duodenum data
We obtained present/absent calls for 7 of the 8 arrays in the rat model using the default settings in GCOS v1.1 (see Materials and Methods). Sample Grade 3.2 failed initial QC analysis and was omitted from subsequent analysis. % present calls ranged from 54% for intact total RNA (grade 4) to ~40% for significantly degraded RNA (grade 1); see Table 2 . Genes called present in grade 4 RNA were used to compare the profiles from the rest of the samples. Approximately 4200 probe sets with a signal intensity ≥50 were called present in intact RNA, compared with >3400 probe sets (~72%) in significantly degraded RNA. As the quality of the RNA improves, the proportion of probe sets called present also increases to 90% and 96% for grades 2 and 3, respectively (Fig. 3 ). This suggests that for genes with signal intensity ≥50, the number of genes called present is remarkably tolerant of RNA quality.
Another way to compare data sets is by plotting all expression values for one array vs. the expression values of a second array in order to generate a scatterplot. If the two sets of data are identical or very similar, all points should fall on a diagonal with little or no scatter. The greater the distance from the diagonal between data sets, the greater the degree of scatter. Figure 4 shows scatter plots generated by plotting all possible pairs of data generated from analysis of rat duodenum RNA of different quality grades. Interestingly, the scatter within each grade of RNA is minimal as expected for samples that are essentially identical. This result reflects the high reproducibility of the Affymetrix platform, as previously reported (18) . The minimum level of scatter probably represents technical noise specific for the platform used and is well within
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previously reported levels (19) . As the integrity of RNA falls, the level of similarity, especially at low intensities, begins to drop. As this method of comparing data is more quantitative than the present/absent calls, it is noteworthy that the distribution remains symmetrical and does not skew, suggesting that the absolute values for individual probe sets both increase and decrease in degraded RNA. We conclude that while quantitative comparisons between data generated from intact and degraded RNA are in fact, affected by RNA quality, the ability to call a transcript present in a given tissue sample can tolerate a significant level of RNA degradation when using the Affymetrix platform.
Individual gene variation
We surveyed the profiles of individual probe sets whose expression signal intensity is 100 or greater (3280 probe sets) and found three broad classes of gene expression. Class 1 contains probe sets whose expression profiles did not exhibit any significant variation across the 7 samples tested and represent mRNAs that are resistant to degradation in postmortem tissues; Class 2 contains probe sets that represent labile RNAs in which signal intensity drops in the samples from intact to degraded RNA samples; Class 3 contains probe sets that actually have higher intensity signals in degraded RNA than those in intact ones. Correlation coefficients between model expression profiles representing each of the 3 classes and the 3280 probe sets are shown in Fig. 5 . Approximately 64% of these probe sets (2086) correlated with one of the 3 classes with a score of >0.65. Surprisingly, Class 1 transcripts are under-represented with the majority of transcripts falling in either Class 2 or 3. Some of these changes could be a result of normalization that may alter the relative intensity of probe set signals between arrays. Alternatively, these changes may reflect changes in availability or labeling of transcripts between intact and degraded samples.
Having established from rat RNA that qualitative expression data can be generated for genes expressed above a given level, even in samples exhibiting significant RNA degradation, we analyzed human gene expression data generated from the samples listed in Table 1 to confirm these findings for human RNA. As shown in Fig. 6 , for those tissues from which we had isolated RNA of different grades (see Table 3 ), the percentage of present calls relative to the best grade remained consistent. Using the Pearson correlation, a measure of the degree of linear relationship between two variables, we determined how many probe sets fall into each of the three classes ( Table 4) . As with the rat RNAs, the percentage of present calls began to drop for genes that had a signal of less than 100. We also generated scatterplots from these tissue data sets and observed that, for genes expressed above a certain level, expression levels were comparable between different grades of RNA (data not shown). Finally, we checked the profiles for the housekeeping genes β actin and GAPDH that should be uniformly expressed in all samples in the database. There was very little variation (±29% and 48% CV, respectively) in expression levels across all 250 samples, indicating that for these genes the variation in RNA quality does not significantly influence the gene expression results quantitatively.
In summary, our evaluation of the effects of RNA degradation on gene expression data derived from Affymetrix oligonucleotide arrays indicates that, even in cases where the original RNA exhibits significant degradation, more than 80% of the probe sets called present in intact RNA are also called present in degraded RNA. We identified a subset of genes whose expression data are more sensitive to degradation and which we have designated "labile" (see Supplementary Information). Furthermore, data generated using the RNAs isolated from the four donor bodies that exhibit various levels of degradation is likely to be representative of gene expression in normal human tissues.
This conclusion can be reflected graphically in expression data derived from our BI. Figure 7 shows examples of individual gene expression. Kallikrein 3 (Prostate-Specific Antigen) is a prostate-specific protease that is used to detect and monitor prostate cancer growth (15) . The expression profile clearly shows robust expression in the 4 prostate samples with little or no expression elsewhere (Fig. 7A) . We then sought to query genes known to be expressed in the gastrointestinal tract because of its faster RNA degradation characteristics (Fig. 1A) . Ghrelin is a small peptide secreted by the fundus of the stomach that is believed to play a role in food intake control (16) . As shown in Fig. 7B , ghrelin precursor RNA was detected in all 8 samples from the cardiac and fundus regions of the stomach. As reported previously (16), we did not detect ghrelin RNA in the pyloric region of the stomach (0 of 4 samples). We also show novel sites of expression data for genes that encode potential drug targets. CCL27, a skin-specific chemokine that has been implicated in the etiology of skin inflammation, is also significantly expressed in the nipple (20) . As orphan G protein-coupled receptors, GPR22, GPR128, and GPR113 are all potentially interesting therapeutic targets ( Fig. 7D-F) . It has been reported that GPR22 is expressed in the central nervous system (21) , and our data confirms significant expression in discrete regions of the CNS, including the cerebellum, cerebral cortex, and amygdala. We also detected its expression in the heart suggesting that this receptor may play a role in the control or maintenance of cardiac function (Fig. 7E) . Both GPR113 and GPR128 have been identified by searching EST sequences for novel GPCRs and predicted to be expressed in the testis alone or testis and colon, respectively (22) . However, we found significant GPR113 expression in both the kidney cortex (4 of 4) and medulla (4 of 4), as well as high levels of GPR128 transcript in both the liver (5 of 5) and small intestine (3 of 3). These data underscore the value of our body index for gene expression studies.
Another use of our body index is to identify tissue-specific genes, those that are expressed exclusively in that tissue, or, are expressed at significantly higher levels in that tissue than elsewhere in the body. To exemplify this approach we chose the thymus. We identified 129 transcripts that were greater than eightfold more abundant in the thymus samples than the mean level of the remaining samples. These thymus-specific genes are listed in Table 5 (the full list of genes is included in the Supplementary Information). Many of these are known thymus-specific or T cell-associated genes, a result consistent with their strong thymus expression. However, 3 are not currently known to be thymus associated: OR10R2, SH3TC1, and ASTM; demonstrating the utility of the BI in facilitating novel analyses. investigate the quality of microarray data generated from total RNA samples that have already shown signs of degradation.
Our survey of total RNA samples derived from various parts of the human body revealed a consistent trend in RNA quality that is tissue and donor-specific. Several studies have addressed the suitability of RNA samples obtained from tissue banks using various molecular techniques such as Northern blot analyses and real-time quantitative PCR (23). Although the stability of RNA samples varies among tissue types, as we have shown in our study, the quality of a majority of transcripts remain intact (14, 23). The tissue-dependent variation of RNA stability in our study is best exemplified by considering the gut and CNS tissues. RNA was least stable in tissues of the gastrointestinal tract. The presence of normal gut flora (and hence, RNases), the increased rate of tissue turnover or the presence of digestive enzymes in the gut may account for this phenomenon. Although we were eventually able to recapitulate the various grades of RNA that we isolated from human gut tissues using the rat duodenum model, we were surprised to observe the stability of RNA obtained from the postmortem rat duodenum. Others have reported prolonged RNA stability in postmortem rats and have isolated intact RNA up to 3 days postmortem (14) . This suggests that the relatively clean environment and controlled diet in which the rats are housed may inhibit the degradation process. RNA stability in the CNS may be explained by the privileged position the CNS occupies in the body. In contrast to the gut, the CNS is one of the most well protected regions of the body, contains tissues that exhibit very low tissue turnover (24) , and is a poor source of digestive enzymes.
We excluded all the RNA samples that showed significant degradation (a score of <2 in our index) from our body index. The gut samples in our body index were therefore supplemented with samples from commercial sources likely obtained in the course of scheduled surgeries that exhibit high levels of RNA quality. The majority of RNA samples obtained from other parts of the donor bodies were of sufficient quality to be used in GeneChip studies and constitute the bulk of the samples used to generate the expression index.
There are several possible sources of donor-specific variation including diet (especially for gut tissues), donor's health status, age, and cause of death. We found that RNAs purified from tissues derived from a donor that died from asphyxia were consistently degraded even from CNS sites. This suggests that the prolonged hypoxia resulting from the lack of respiratory activity at the time of death may have triggered events that led to accelerated RNA degradation.
There have been a number of previous reports addressing expression profiling of degraded RNA samples (23, 25-31). In one study, various grades of RNA degradation were obtained by incubating fragments of normal and malignant renal tissues from nephrectomy at different time points at 22°C, and the subsequent samples were profiled using Affymetrix HG-U133A or HGFocus arrays to identify differentially regulated genes (28) . Interestingly, moderately degraded RNA showed high concordance with intact RNA samples, confirming similar findings in our rat model. In another study, real-time quantitative PCR was used to show that the transcript levels of 3 housekeeping genes (GAPDH, β-actin, and HPRT) and interleukin-1 fell as postmortem intervals increased. Liver samples were found to be the least stable followed by lung, and heart, while brain samples were the most stable (14) . With the data presented here, we have confirmed and expanded on these findings and have established a rank order of RNA stability for ~80 tissues in the human body.
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Because all of the rat duodenum samples were derived from the same tissues and collected from an established laboratory strain of rat, we did not expect significant sample-to-sample variation in gene expression. Rather, signal changes would reflect the degradation state of the RNA used to generate the expression data. In addition to transcripts that are resistant to degradation and show no significant variation between intact and degraded samples, we expected to identify a second class of transcript that is sensitive to RNA degradation. Approximately 45% of the probe sets' detected transcripts fell into this class. Such labile transcripts may contain mRNA instability motifs that are designed to control the half-life of these transcripts in vivo. Certain motifs, such as the adenosine uridine-rich elements (AREs) in the 3′-untranslated region (UTR) of unstable cytokine and chemokine mRNAs, serve as another level of transcriptional control to mediate potent downstream effects of certain genes upon stimulation (32) . Another study, using Affymetrix U95Av2 arrays, found a significant correlation between mRNA decay and known ARE motifs (30). We did not detect a higher proportion of AREs in our set of labile transcripts, suggesting that several factors are involved in destabilizing these transcripts. It is not known which mRNA degradation pathways are active in postmortem tissue, but in living cells, the deadenylation ribonucleolytic pathway is the predominant pathway, involving shortening of the poly(A) tail and decapping of the 5′methylguanosine cap (33) . There is evidence suggesting a 5′-3′ directionality of RNA degradation, at least in E. coli (34) . These transcripts may be poorly represented even in tissue samples that yield RNA of apparently good quality.
An unexpected third class of transcript, also containing ~45% of the probe sets, was identified from our analysis of the rat duodenum RNA data. This class represents probe sets that detect higher levels of transcripts in degraded RNAs than intact RNA. Although this could be a result of the normalization method we used to generate the data, it is possible that these transcripts contain regions of secondary structure that prevent efficient synthesis of labeled cRNA. It is known that reverse transcription can be inhibited by secondary RNA structure (35) . Partial degradation of such transcripts may remove the blocking secondary structure resulting in more efficient synthesis of labeled probe and increased signal intensity.
These data indicate that for the vast majority of genes, valuable expression data can be obtained from either intact or significantly degraded RNA, when using the Affymetrix platform. An explanation for the tolerance of this platform to degraded RNA samples may lie in the nature of the Affymetrix GeneChip design, which is 3′-biased. The requirements for successful GeneChip detection include the presence of a poly(A) tail and that the last 600 bases of a given transcript be intact. As long as these critical regions remain contiguous, useful GeneChip data should still be obtained. We have not investigated whether other platforms, such as cDNA microarrays, would tolerate degraded samples as well as the Affymetrix GeneChip platform. We speculate that the location of primers needed to generate PCR products specific to the target of interest in a cDNA microarray experiment determines how well the array is able to detect probes generated from degraded RNA.
We have shown that our BI of expression accurately reflects the established expression profiles for 2 genes: kallikrein 3 and ghrelin precursor. We detected high levels of expression of the kallikrein 3 transcripts in all four prostate samples and expression of ghrelin in the fundus and cardiac stomach but, significantly, not in the pyloric stomach, as previously reported (16) . Neither transcript is detected elsewhere. In addition to genes with known expression sites, we were able to identify novel sites of expression for 4 genes that encode potential therapeutic targets. We have confirmed these profiles using real-time quantitative PCR (data not shown).
Another use of our body index is to identify genes with certain tissue specificities or strong expression in certain tissues compared with other tissues. To exemplify this approach, we searched for genes that are expressed exclusively or predominantly in the thymus compared with the rest of the BI. As shown in Table 5 , we identified many genes that show strong thymus expression and in some cases organ specificity. Many previously characterized thymus-specific genes were identified and also many genes associated with T lymphocytes, including multiple T cell receptor subunits, CD1, CD8α and β, RAG 1, and RAG2. Also of note are the chemokine CCL25 and its receptor CCR9. CCL25 was initially described as TECK (for thymus-expressed chemokine) (36) . This chemokine is strongly expressed in the thymus but also, at a much lower level, in the small intestine. Interestingly, its receptor CCR9 (37) exhibits a higher thymus expression ratio (30.9 vs. 17.12 for CCL25) probably because it is present at much lower levels in the gut than CCL25. In any case, if we did not know that these genes constituted a ligandreceptor pair, the data in Table 5 would have suggested this. It is important to emphasize that many of these genes are of central importance to the function of the thymus, that is, the development of T cells from immature precursors. Thus, the ability to identify these organspecific genes should allow us to learn new concepts about the function of many genes. Table 5 also lists 3 genes that are not known to be expressed in the thymus. The G proteincoupled receptor, OR10R2, is highly expressed in the thymus with little or no expression in the other tissues of the BI. This gene is currently classified as an olfactory receptor and is closely related to other human olfactory receptors (38) . SH3 domain and tetratricopeptide repeats 1 (SH3TC1) is a recently described gene encoding a large evolutionarily conserved protein that contains one SH3-like domain and multiple tetratricopeptide repeats that are associated with protein-protein and multiprotein complex interactions. The third new thymus-specific gene is abnormal spindle-like, microcephaly-associated (ASPM) gene. The ASPM gene product has been reported to be required for normal mitotic spindle function in embryonic neuroblasts, and truncation mutants of the gene are associated with microcephaly in humans (39, 40) . As it is expressed at high levels in the thymus but also, at significantly lower levels in other lymphoid tissues such as bone marrow and tonsil, it is tempting to speculate that ASPM gene product may be associated with cell division, a phenomenon that occurs with unusual frequency in the thymus.
Although many thymus-specific genes are known, we are currently querying the BI using a similar approach to identify tissue-specific genes from other organs and specially the CNS. Our BI is a powerful tool to uncover genes strongly associated with the physiology of different organs and cells.
In summary, we have used postmortem tissues to construct an index of gene expression in the adult human body. We have shown that a set of samples that include both intact and partially degraded RNA can be used to generate a valuable resource that accurately reflects the expression of most, if not all, the genes in the human genome. We conclude that our BI is a valuable resource for probing gene expression in many human tissues. A score of 5 corresponds to completely intact total RNA with distinct 28S and 18S rRNA bands in a 2:1 ratio, whereas 1 represents totally degraded total RNA with a smear of low molecular weight products. The gastrointestinal tract has an overall lower average RNA score of 1.9, whereas the CNS scores an average of 3.8. Probe sets with average signal intensities of 100 or greater that exhibit 1) flat intensity across different grades of rat duodenum total RNA (as depicted by Fig. 5A) , 2) decreasing intensities as RNA grade deteriorates (Fig. 5B) , and 3) increasing intensities with degraded RNA (Fig. 5C) .
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Pearson correlations of increasing stringency were used to determine how many probe sets belong to each of the 3 classes. About half of the probe sets have the expected decrease in signal intensity as RNA quality decreases. Surprisingly, the other half of the probe sets actually have increased signal as RNA quality worsens. 4 . Matrix plot of all data points across 7 out of 8 samples from rat duodenum (Grade 3.2 sample was discarded from the analysis due to a poor hybridization). There should be minimal scatter within a replicate set as they should be essentially identical, as shown by boxes between Grades 4.1 and 4.2, and 2.1 and 2.2.The profile of moderately degraded sample (grade 3) more closely resembles that of intact RNA, suggesting a good correlation between these two grades of RNA. Table 1 and the supplementary information. A) kallikrein 3 (PSA), B) ghrelin precursor, C) CCL27, D) GPR22, E) GPR113, and F) GPR128. Multiple samples from the same tissue are grouped. The ~80 tissues in the body index of expression are grouped by system, shown as bars below each histogram: CNS; central nervous system, PNS; peripheral nervous system, GUT; gastrointestinal, OTHER; peripheral organs and tissues, IMM; immunological, VASC; vascular, ENDO; endocrine, REPRO; reproductive. Sites of higher expression are shown in red and labeled as follows: A, amygdala, Cb, cerebellum, CC, cerebral cortex, H, heart, K, kidney, L, liver, N, nipple, P, prostate, SI, small intestine, Sk, skin; St, stomach.
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